I. INTRODUCTION
The RF MEMS switch is a switching device used in the RF range, which is fabricated using micromachining technology. Micromachining technology has a great potential to offer highly miniaturized switches with superior RF performance. Low power consumption, small size, light weight, more flexibility, less insertion loss and high isolation are the usual requirements for RF communication in high frequency applications and can be provided by the RF MEMS switch [1] , [2] . In order to increase the isolation and decrease the insertion loss of RF MEMS switches, geometrical parameters must be considered. Many efforts such as to decrease the gap, width and overlap length between the signal line and increase the dielectric constant are needed to been at the cost of RF performance [3] . Therefore, there is a need for careful design of the parameters of the transmission line for high performance RF MEMS switches in RF communication.
The microstrip line is one of the most popular types of planar transmission line primarily for RF and microwave circuits [4] , [5] . The microstrip t-line was chosen rather than the coplanar waveguide (CPW) t-line in this research, as it gives a laterally compact waveguide with strong field confinement, and allows a modest gap while retaining high isolation. Consequently, the necessity for low pull-in voltage in RF MEMS switches has often led to excessively complicated fabrication as well as determining the scale of the device. The microstrip discontinuity t-line can be miniaturized and integrated with the CMOS process and provide good mechanical support for both passive and active microwave devices [3] , [4] . The RF MEMS switch has incorporated microstrip discontinuity t-lines in this research to minimize the losses in the transmission line, especially for discontinuity t-lines. Here the RF portion of the switch has a series gap that is short-circuited by a single beam type RF MEMS switch. The mode of propagation, transmission, impedance refraction and reflection properties all depend on the t-line.
So it is necessary to study the proper impedance matching technique to improve the return loss and impedance bandwidth for the RF MEMS switch based microstrip transmission line. Normally incident and reflected travelling waves in a transmission line system are characterized as lumped elements. To accurately calculate the behaviour of a lumped element at microwave frequencies it is necessary to consider the transmission line length, width, and thickness of metal (due to the skin effect). The analytical methods presented here are incorporated into Mathcad. The primary interest of this research is to determine the scattering losses in the transmission line. Therefore, the analytical model used some design formulas for the effective dielectric constant, characteristic impedance and attenuation of the microstrip tline. The use of only analytical methods is limited due to the complex nature of the coupled electric and magnetic fields.
Methods to model and analyse the RF performance of the discontinuity microstrip switch concept discussed are shown in Fig. 1 . Calculation was done by using the high frequency RF CAD algorithms [6] , where all the formulas are adopted. This allows the discussion of additional aspects of microstrip lines with discontinuities, including frequency-dependent effects, for a better understanding. The characteristic impedance is an important quality of a signal transmission line. The characteristic impedance of the microstrip t-line changes slightly with frequency. If the impedance of the signal's O/P part is the same as the signal's I/P part, there will be no loss between the media. When the signal's O/P part is different from its I/P part the impedance changes. So, the signals reflect a little energy back and the signal continues with a little distortion. For optimal signal quality, the goal is to keep the impedance low (at the signal I/O part) and make this as constant as possible during interconnect design. The frequency limits the characteristic impedance. The effective dielectric constant can be higher in a high frequency at low characteristic impedance of the microstrip t-line. From the analysis, it is observed that the effective dielectric parameter increased with the increasing frequencies, even at a constant dielectric constant in a quasitransverse electromagnetic (TEM) microstrip transmission line. To adopt a high frequency in the t-line, the TEM lines should be in one direction even as the effective dielectric parameter is increased. The effective dielectric constant also depends on the characteristic impedance. The effective dielectric constant increases as the strip conductor width/height (W/H) ratio increases [4] , [6] , [7] . A characteristic impedance range from 20 to 100 ohm can be considered adequate for a large majority of microwave circuit applications [5] , [7] . The parameters shown in Table I were used for calculating the characteristic impedance and skin-depth effect on a microstrip discontinuity t-line. Figure 2 shows the influence of the strip width on the characteristic impedance and their relationship with the W/H ratio for a microstrip discontinuity t-line. The characteristic impedance decreases exponentially as the strip width increases. However, reciprocity is observed between the characteristic impedance and W/H ratio. It is necessary to investigate the characteristic impedance and W/H ratio to minimize the losses in the microstrip discontinuity t-line. At the strip conductor width of 150 µm, the characteristic impedance is reduced to 20 ohm. Therefore, this is the maximum width for the design of a microstrip transmission line with the W/H ratio of 10. When the conductor width considered is higher than 150 µm, the characteristic impedance goes to below 20 ohm and the W/H ratio exceeds the limit, so this is not appropriate for designing a good transmission line. 
A. Equivalent Circuit
A single-beam RF MEMS switch with microstrip discontinuity t-line can be considered as a series switch. This series switch can be modelled using a transmission line equivalent circuit. The discontinuity and gap are considered as a series capacitance or series resistance to represent the contact in upstate and downstate respectively, as shown in Fig. 3 and Fig. 4 . As this equivalent circuit seems to be a pi shape, it is called a pi-equivalent circuit. Here, a physical length of the line that is shorter than the length of a wavelength at the desired frequency of operation is generally used in the modelling of the static microstrip components. The switch is influenced by the resistive loss during the "ON" state of the signal line. This resistive loss is due to the contact resistance. In the "OFF" state shown in Fig. 4 , the equivalent circuit is similar to the "ON" state except that Rcon is replaced with the series capacitance C1. The capacitance C1, gap capacitance C2 and capacitance C3 are well explained and discussed in papers [4] , [8] , [9] .
B. Beam Series Resistance
The microwave resistance Rmw can be expressed as the beam series resistance. The metal layer is used to calculate this resistance. The series resistance can be calculated by the following equations for a certain frequency, where Lb, Wb and A are the length, width and effective cross-sectional area of the metal conductor respectively Fig. 3 . Equivalent circuit of series cantilever RF MEMS switch for microstrip-discontinuity transmission line in the ON state [8] , [9] . To simplify Rmw, the series resistance can be expressed as
where, σmetal and ρ are the conductivity and resistivity of the conductor respectively. At higher frequencies, the alternating magnetic and electric field causes the current flow to reside at the outer perimeter of a conductor, which is called the skin effect. The skin depth (δs) can be calculated as
where f is the frequency and µ is the permeability (4π × 107 H/m). When the skin depth becomes smaller than tm, the effective conduction thickness will be reduced. This is because the current density is packed at the region near the surface of high frequencies. The contact resistance can be expressed as [9] , [10]    
The total resistance is measured as shown in Fig. 5 . This demonstrates that the total resistance increases linearly with the increasing frequency. From the analytical simulation, it is also observed that the t-line loss and RF MEMS series switch with the t-line skin depth are almost the same for 50 GHz frequencies.
So, the metal thickness must be greater than the skin depth and it follows that there is a relationship between the metal thickness of the strip and skin depth. Therefore, it is necessary to maintain lower resistance in the O/P stage as well as in the I/P state, to minimize the transmission line loss. This condition needs to be followed during the design phase to minimize losses in the microstrip discontinuity tline. 
C. Microstrip Gap Capacitors
A series RF MEMS switch is typically limited by the gap capacitance at higher operating frequency in the OFF state. This is because, at high frequency, the series capacitance will cause the signal to leak through the switch. The capacitance between the beam and signal lines C1 will be connected by the fringing capacitance and it is small. The fringing capacitance is not included in this calculation to minimize the calculation complexity. The influence of this series capacitance in varying the overlap length Llap of the switch is shown in Fig. 6 . It is seen that the capacitance is calculated for three different gap sizes. As expected, the capacitance becomes more sensitive to the overlap length for a smaller gap with the width of 40 µm. However, the capacitance C1 increases with the increase of Llap.
D. RF Performance Analysis
It is important to realize the S-parameters in high frequency and wave propagation analysis. The microstrip piequivalent circuit can also modelled for a 2-port network to calculate the insertion and isolation losses through the Sparameters shown in Fig. 7 . Thus, a switch can be designed that shows the high performance in terms of the hypothetical method and high frequency analysis based on the Sparameters. Fig. 7 . RF MEMS switch microstrip equivalent model for 2-port network [2] .
The scattering parameters are calculated here by some formulas as described in the paper [4] and [11] :
where A, B, C and D are
Insertion Loss ("ON" state) expressed in dB is defined as 21 20 log 20 log ,
where Pout = signal out and pin = signal in. The isolation is defined in "OFF" state as 21 20 log 20 log .
Insertion loss: This loss of the signal occurs during the transmission from one terminal to another in a high frequency RF MEMS switch in a 2-port network after the switch has been closed. In a series RF MEMS switch, metalto-metal contact resistance will be the main contributor to signal power reduction due to heat dissipation at the contact area. Signal reflections take place due to the impedance mismatch between the characteristic impedance of the t-line and the RF MEMS switch. As a result, this will contribute to a lower output signal level.
It is desirable to design MEMS switches with less than 1 dB of insertion loss over the operating bandwidth [12] - [14] . Figure 8 shows that the insertion loss is less than 1 dB for the various width sizes and the insertion loss decreases as the frequency increases. It is noticed that the insertion loss is 0.01 dB-0.05 dB over the frequency range up to 50 GHz for the beam width of 40 µm. Isolation loss: isolation describes how well the incident signal is prevented from being transmitted to the output in the OFF state. In the series RF MEMS switches, capacitive coupling through the air gap between the electrodes can cause undesired signal leakage. This loss of the signal occurs during the transmission from one terminal to another in a high frequency RF MEMS switch in a 2-port network after the switch has been open. By convention, isolation is usually given as the magnitude of the signal ratio of the input to output signal levels at down-state capacitance. An isolation greater than 20 dB is considered adequate in most switching applications [13] , [14] . Figure 9 illustrates how the isolation loss is influenced by changes in width for up to 50 GHz frequency. Fig. 9 . RF MEMS switch for microstrip-discontinuity transmission line isolation loss with frequency.
The isolation is near to 50 dB over the frequency range up to 50 GHz for the beam width of 40 µm.
III. DISCUSSION ON CURRENT STATE OF TECHNOLOGY
Researchers are working on RF MEMS switches that have been developed and characterized at frequencies from 1 GHz up to 60 GHz for various t-lines. These RF MEMS switches have generally been designed for a specific need in mobile communication with microwave frequencies. Table II shows the detailed comparison to the state of the art models of recent RF MEMS switches operating based on piezoelectric and electrostatic principles. This gives a clear idea of the S-parameters that need to be optimized for high performance RF MEMS switches. 
IV. CONCLUSIONS
The results of these simulations revealed that our optimized design of the RF MEMS switch significantly improved the device performance in terms of low insertion and high isolation losses. The insertion losses up to 0.01 dB-0.05 dB and isolation loss less than 50 dB for 50 GHz frequency have been achieved with the optimization of our proposed design parameters. These improvements in the above mentioned parameters of RF MEMS switch are highly suitable for RF communication applications.
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